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ASD

:   Autism spectrum disorder

COSMIN

:   COnsensus‐based Standards for selection of health Measurement INstruments

PROM

:   Patient‐reported outcome measure

Patient‐reported outcome measures (PROMs) assess a patient\'s health at a single point in time, and are collected through short, self‐completed questionnaires. PROMs are advocated for use in clinical trials;[1](#dmcn12982-bib-0001){ref-type="ref"}, [2](#dmcn12982-bib-0002){ref-type="ref"} they are also proposed as key performance indicators for evaluating health systems.[3](#dmcn12982-bib-0003){ref-type="ref"} Some PROMs are domain‐specific, focusing on a particular aspect of health, such as behaviour; other instruments are multidimensional with sub‐scales that assess various aspects of health and wellbeing. PROMs can be condition‐specific, designed for use by people with a particular health problem; or they can be generic and therefore appropriate for anyone to report their health; or chronic--generic, designed for people with any long‐term health conditions. Preference‐based measures incorporate a weighting of scores based on a reference valuation of health states into a single index score; they are used in economic evaluations to assessing cost‐effectiveness.[2](#dmcn12982-bib-0002){ref-type="ref"}

'Neurodisability' is an umbrella term commonly used in the UK for a range of functional problems of neurological origin. Previously, we proposed a definition of neurodisability for children that was supported by many professionals and parents, and indicated a similar grouping of conditions in other countries, albeit with different terminology.[4](#dmcn12982-bib-0004){ref-type="ref"} For some applications in neurodisability, a condition‐specific PROM may be preferable if available; for instance, condition‐specific measures exist for cerebral palsy (CP)[5](#dmcn12982-bib-0005){ref-type="ref"} and epilepsy.[6](#dmcn12982-bib-0006){ref-type="ref"} However, it is also common for generic PROMs to be utilized in neurodisability, especially for comparison across conditions or with normative samples. Individually, many conditions that result in a neurodisability are rare, but when grouped together they are common. Hence there are situations when it will be expedient for children with neurodisability to be grouped for research, service evaluation, or audits.

When selecting PROMs for a specific purpose, it is necessary to examine both the construct that is being assessed and the measurement properties of candidate instruments.[7](#dmcn12982-bib-0007){ref-type="ref"} Mapping of items in PROMs using the International Classification of Functioning, Disability and Health for Children and Youth is useful to understand the content assessed by questionnaires.[8](#dmcn12982-bib-0008){ref-type="ref"}, [9](#dmcn12982-bib-0009){ref-type="ref"} Measurement properties should, ideally, have been evaluated in samples representative of the intended population to determine whether the instrument is applicable for that population.[1](#dmcn12982-bib-0001){ref-type="ref"} Language and cultural issues also affect how people interpret and respond to questions; hence one cannot simply assume that PROMs perform consistently across languages and cultures.[10](#dmcn12982-bib-0010){ref-type="ref"}, [11](#dmcn12982-bib-0011){ref-type="ref"} Therefore, the US Food and Drug Administration recommends that evidence be provided of the process used to test measurement properties in the language where assessments will be made.[1](#dmcn12982-bib-0001){ref-type="ref"}

Scale development methodology has evolved in recent years and approaches using item response theory are more commonly utilized; such approaches use mathematical models to examine responses to individual items in questionnaires and offer better scale precision.[12](#dmcn12982-bib-0012){ref-type="ref"} Methods for appraising the evidence of psychometric performance on measures have also become more standardized.[13](#dmcn12982-bib-0013){ref-type="ref"} The COnsensus‐based Standards for selection of health Measurement INstruments (COSMIN) was developed to enable a standardized assessment of the methodological quality of research studies evaluating measurement properties of tools.[13](#dmcn12982-bib-0013){ref-type="ref"}, [14](#dmcn12982-bib-0014){ref-type="ref"}

In previous papers we documented a systematic review of generic multidimensional PROMs for children and young people, in which we mapped the content to the International Classification of Functioning, Disability and Health for Children and Youth insofar as it was possible,[9](#dmcn12982-bib-0009){ref-type="ref"} and appraised studies evaluating measurement properties in general population samples.[15](#dmcn12982-bib-0015){ref-type="ref"} In this study we build upon that foundation by focusing on evaluations of the PROMs identified in the previous systematic review where they have been tested in samples of populations with neurodisabilities. In this instance, as the aim was to examine which instruments could be considered robust for application across children with neurodisability, we also included chronic--generic tools. We use the word 'PROM' to refer to the group of questionnaires (different versions according to age group, length, or responder) of a certain instrument; we use the word 'questionnaire' to refer to a specific version of an instrument. A list of the PROMs, the different types of questionnaires, and full names is presented in Table [1](#dmcn12982-tbl-0001){ref-type="table-wrap"}.

###### 

PROMs (group of questionnaires), the different versions (according to age group, length, or responder), and acronyms

  Overall PROM name                 Acronym questionnaire                                                            Full name questionnaire
  --------------------------------- -------------------------------------------------------------------------------- ---------------------------------------------------------------------
  CHIP                              CHIP‐CE CRF                                                                      Child Health And Illness Profile -- Child Edition Child Report Form
  CHIP‐CE PRF                       Child Health And Illness Profile -- Child Edition Parent Report Form (45‐item)   
  CHIP‐CE PRF                       Child Health And Illness Profile -- Child Edition Parent Report Form (76‐item)   
  CHQ                               CHQ‐PF28                                                                         Child Health Questionnaire Parent Short Form
  CHQ‐PF50                          Child Health Questionnaire Parent Long Form                                      
  CHQ‐CF87                          Child Health Questionnaire Child Form (87‐item)                                  
  CHSCS‐PS                          CHSCS‐PS                                                                         Comprehensive Health Status Classification System -- Preschool
  CQoL                              CQoL                                                                             Child Quality of Life Questionnaire
  DISABKIDS                         DISABKIDS DCGM‐37                                                                DISABKIDS Chronic Generic Measure -- long form
  DISABKIDS Smileys‐6               DISABKIDS Smiley Measure                                                         
  EQ‐5D‐Y                           EQ‐5D‐Y                                                                          EuroQol 5D Youth
  HUI                               HUI2                                                                             Health Utilities Index 2
  HUI3                              Health Utilities Index 3                                                         
  KIDSCREEN                         KIDSCREEN‐52                                                                     KIDSCREEN‐52
  KIDSCREEN‐10                      KIDSCREEN‐10                                                                     
  Neuro‐QOL                         Neuro‐QOL                                                                        Neurology Quality of Life Measurement System
  PedsQL                            PedsQL Infant Scales                                                             Pediatric Quality Of Life Inventory Trade Mark 4.0 -- Infant Scales
  PedsQL                            Pediatric Quality Of Life Inventory Trade Mark 4.0 -- Generic Core Scales        
  PedsQL SF15 Generic Core Scales   Pediatric Quality Of Life Inventory Trade Mark 4.0 -- Short Form 15              
  SLSS                              SLSS                                                                             Student Life Satisfaction Scale
  BMSLSS                            Brief Multi‐dimensional Student Life Satisfaction Scale                          
  YQoL                              YQoL‐S                                                                           Youth Quality of Life instrument -- Surveillance version
  YQoL‐R                            Youth Quality of Life instrument -- Research version                             
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Method {#dmcn12982-sec-0007}
======

Search strategy {#dmcn12982-sec-0008}
---------------

Candidate generic PROMs were identified and catalogued as part of a previous systematic review.[9](#dmcn12982-bib-0009){ref-type="ref"} In addition, chronic--generic PROMs were included as they could be used across neurodisability conditions; three eligible chronic--generic tools were identified in our broader research programme (Disabkids, Functional Disability Index, Neuro‐QoL). For this review, three groups of search terms were combined: the names of the PROMs and their synonyms; terms for children; and terms for neurodisability, for which both free text and medical subject headings were used.

Searches were conducted on MEDLINE (including in‐process and other non‐indexed citations), Embase, PsycINFO, and AMED (via OvidSP), CINAHL (via EBSCOhost), and the National Health Service Economic Evaluation Database (NHS EED; via the Cochrane Library). No date restriction was applied. The searches were run between 12 and 25 September 2012 and updated on 30 July 2014. Forward (checking if key papers had been cited) and backward (checking reference lists) citation chasing was performed for key references to ensure that all relevant literature was retrieved. The electronic search strategy designed for MEDLINE and translated for the other databases is presented in Appendix S1 (online supporting information).

Inclusion and exclusion criteria {#dmcn12982-sec-0009}
--------------------------------

Articles were selected when written in English and reporting on a study that was (1) specifically designed to evaluate the psychometric properties of candidate PROMs using an English language version of the questionnaire, (2) conducted in a population including at least 10% children up to 18 years old with neurodisability, or mixed chronic conditions including neurodisability, and (3) published in a peer‐reviewed journal. Articles were excluded if (1) the PROM was used as a criterion standard to test another instrument, (2) less than 10% of the study population was younger than 18 years, (3) less than 10% of the study sample was diagnosed with neurodisability.

Study selection {#dmcn12982-sec-0010}
---------------

Titles and abstracts of all unique citations were screened against the eligibility criteria by two reviewers (AJ and RG/CM); any disagreements were resolved by discussion. The full text of any potentially relevant article was retrieved and screened using the same procedure. A flowchart describing the process of study selection can be found in Figure [1](#dmcn12982-fig-0001){ref-type="fig"}.

![PRISMA flowchart describing identification and selection of studies evaluating psychometric performance of PROMs in a neurodisability population. ^a^Some papers were excluded for more than one reason. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta‐Analyses; PROM, patient‐reported outcome measure.](DMCN-58-437-g001){#dmcn12982-fig-0001}

Assessment of methodological quality of included articles {#dmcn12982-sec-0011}
---------------------------------------------------------

For each included paper, the COSMIN checklist was used to appraise the methodological quality of the study and the completeness of the report.[13](#dmcn12982-bib-0013){ref-type="ref"} We assessed the methods and reporting of how the following properties had been tested: internal consistency, reliability, measurement error, content validity, structural validity, hypothesis testing, criterion validity, and responsiveness. Cross‐cultural validity was not examined as the purpose of the work was to inform UK health services policy where currently only English language versions are administered. The COSMIN checklist uses a 'worst score counts' rating of methodological quality as excellent, good, fair, or poor based on factors such as adequate sample size and appropriate statistical methods used.[16](#dmcn12982-bib-0016){ref-type="ref"} The checklist was administered by two reviewers (AJ and CM); discrepancies were resolved by discussion.

Data extraction {#dmcn12982-sec-0012}
---------------

For each included paper the following descriptive data were extracted using a standardized, piloted data extraction form: first author name and year, name and version of the instrument (including child or parent version), study aim, study population (participants' characteristics including type of neurodisability and diagnosis), number of participants, age range, mean age (and standard deviation), and setting or country where the study was conducted. Data were extracted by one reviewer (RG/AJ) and a 10% sample was checked by a second (AJ/CM).

Then, any data on evidence of the measurement properties of instruments were extracted including content validity (theoretical framework and/or qualitative research), construct validity (structural validity concerning how domain sub‐scales were determined for instance using factor analysis, and hypothesis testing to verify sub‐scales measure the intended construct), internal consistency (including domain sub‐scales where appropriate), test--retest reliability, proxy reliability (between child and parent), precision, and responsiveness (whether the increases/decreases in scores can be considered robust and exceed measurement error). Data were extracted by one reviewer (RG/AJ) and checked by a second (AJ/CM); disagreements were resolved by discussion.

Appraisal of measurement properties and summary of evidence {#dmcn12982-sec-0013}
-----------------------------------------------------------

Evidence of measurement properties was judged using standardized reference criteria and thresholds (Table [2](#dmcn12982-tbl-0002){ref-type="table-wrap"}).[12](#dmcn12982-bib-0012){ref-type="ref"}, [17](#dmcn12982-bib-0017){ref-type="ref"} These data were summarized in a single rating for each measurement property following methods commonly used for the presentation of such findings.[18](#dmcn12982-bib-0018){ref-type="ref"}, [19](#dmcn12982-bib-0019){ref-type="ref"} To summarize available evidence, we took into account the following elements (Table [3](#dmcn12982-tbl-0003){ref-type="table-wrap"}): (1) data extracted from included studies, with reference to standard criteria (Table [2](#dmcn12982-tbl-0002){ref-type="table-wrap"}); (2) the methodological quality of studies (COSMIN) and number of studies; and (3) the thoroughness of testing, giving further weight to any studies that appeared not to have been conducted by the original developers.[20](#dmcn12982-bib-0020){ref-type="ref"} Two reviewers (AJ and CM) made the judgement through discussion based on available evidence.

###### 

Appraisal of psychometric properties and indicative criteria

  ------------------------------------------------------------------------------------------------------------------------------------------------------------
  Psychometric property   Indicative criteria
  ----------------------- ------------------------------------------------------------------------------------------------------------------------------------
  Content validity        Clear conceptual framework consistent with stated purpose of measurement.\
                          Qualitative research with potential respondents

  Construct validity      Structural validity from factor analysis.\
                          Post‐hoc tests of unidimensionality by Rasch analysis.\
                          Hypothesis testing, with a priori hypotheses about direction and magnitude of expected effect sizes.\
                          Tests for differential item and scale functioning between sex, age groups, and different diagnoses

  Reproducibility         Test--retest reliability: intraclass correlation coefficient \>0.7 adequate, \>0.9 excellent.\
                          Proxy‐reliability: child‐ and parent‐reported reliability intraclass correlation coefficient \>0.7

  Internal consistency    Cronbach\'s alpha coefficient \>0.7 and \<0.9

  Precision               Assessment of measurement error; floor or ceiling effects \<15%; evidence provided by Rasch analysis and/or interval level scaling

  Responsiveness          Longitudinal data about change in scores with reference to hypotheses, measurement error, and minimal important difference
  ------------------------------------------------------------------------------------------------------------------------------------------------------------
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###### 

Indices for summarizing appraising psychometric properties of patient‐reported outcome measures

  Rating   Definition                     
  -------- ------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  0        Not reported                   No studies found that evaluate this measurement property
  ?        Not clearly determined         Studies were rated poor methodological quality; results not considered robust
  −        Evidence not in favour         Studies were rated good or excellent methodological quality; results did not meet standard criteria for this property
  +/−      Conflicting evidence           Studies were rated fair, good, or excellent methodological quality; results did not consistently meet standard criteria for this property, e.g. not for all domain scales
  \+       Some evidence in favour        Studies were rated fair or good methodological quality; standard criteria were met for the property
  ++       Some good evidence in favour   Studies were rated good or excellent methodological quality; standard criteria were met or exceeded
  +++      Good evidence in favour        Studies were rated good or excellent methodological quality; standard criteria were exceeded, results have been replicated
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Results {#dmcn12982-sec-0014}
=======

We found 48 papers that report evaluations of measurement properties of 12 PROMs (see Table [4](#dmcn12982-tbl-0004){ref-type="table-wrap"}): 37 papers for seven generic PROMs (CHIP, CHQ, CQoL, KIDSCREEN, PedsQL, SLSS and YQOL), seven papers for two chronic--generic PROMs (DISABKIDS and Neuro QOL), and four papers for three preference‐based measures (HUI, EQ‐5D‐Y and CHSCS‐PS) (Table [4](#dmcn12982-tbl-0004){ref-type="table-wrap"}). Twenty papers described evaluations of the PedsQL4.0 in various neurodisability samples, and 11 papers pertained to various versions of the CHQ. The most common conditions in samples were CP, epilepsy, attention‐deficit--hyperactivity disorder (ADHD), autism spectrum disorder (ASD), and traumatic brain injury. The evaluations spanned children in a variety of age groups from 2 to 18 years old. The evaluations were performed in Canada, USA, Europe, and Australia.

###### 

Studies evaluating measurement properties of candidate patient‐reported outcome measures in a population with neurodisability

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Instrument version[a](#dmcn12982-note-0001){ref-type="fn"}   Reference                                                 Aim/purpose                                                                                                                                                               Study population                                                                                                                                           *n*                                    Age range, y   Mean age, y (SD)                                      Setting, country
  ------------------------------------------------------------ --------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------- -------------- ----------------------------------------------------- ---------------------------------------------------------------------------------------
  CHIP‐CE\                                                     Riley[35](#dmcn12982-bib-0035){ref-type="ref"}            To test reliability and validity of the CHIP‐CE with children with ADHD                                                                                                   Children with ADHD in a clinical trial                                                                                                                     1476                                   6--18          Not stated                                            Outpatient clinics, Europe
  PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  CHIP‐CE\                                                     Schacht[36](#dmcn12982-bib-0036){ref-type="ref"}          To test reliability and validity of the CHIP‐CE with ADHD                                                                                                                 Children with ADHD in five clinical trials                                                                                                                 794                                    6--15          9.7 (2.30)                                            Outpatient clinics, Europe and Canada
  PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  CHQ‐CF87\                                                    Landgraf[59](#dmcn12982-bib-0059){ref-type="ref"}         To test reliability and validity of CHQ‐CF87 with ADHD                                                                                                                    General population, subgroup of children with ADHD, and children with end stage renal disease                                                              354 (total)\                           9--16          11.8 (1.9)                                            Postal survey, USA
  SR                                                                                                                                                                                                                                                                                                                                                                                                                                                          56 (ADHD)\                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                              SRFNDP                                                                                                      

  CHQ‐PF28\                                                    Pencharz[60](#dmcn12982-bib-0060){ref-type="ref"}         Evaluate and compare the psychometric properties of the CHQ‐PF‐28 in a paediatric clinical sample                                                                         CYP with musculoskeletal disorders, including children with CP and DMD                                                                                     166\                                   5--16          11.0 (2.9)                                            Hospital and paediatric rehabilitation centre, Canada
  PR                                                                                                                                                                                                                                                                                                                                                                                                                                                          MD: 8\                                                                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                              CP: 8                                                                                                       

  CHQ‐PF50\                                                    Vitale[61](#dmcn12982-bib-0061){ref-type="ref"}           Evaluate and compare the psychometric properties in a paediatric orthopaedic sample                                                                                       Children with a range of musculoskeletal problems, including CP                                                                                            242\                                   5--18          12                                                    Physician\'s office, USA
  PR                                                                                                                                                                                                                                                                                                                                                                                                                                                          CP: 23                                                                                                      

  CHQ‐PF50\                                                    Wake[30](#dmcn12982-bib-0030){ref-type="ref"}             To test reliability and validity of the CHQ‐PF50 with CP                                                                                                                  Children with CP                                                                                                                                           80                                     5--18          11.25 (3.5)                                           Outpatient clinics, Australia
  PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  CHQ‐PF50\                                                    Rentz[29](#dmcn12982-bib-0029){ref-type="ref"}            To test reliability and validity of the CHQ‐PF50 with children with ADHD                                                                                                  Children with ADHD in a clinical trial                                                                                                                     921                                    6--18          11                                                    Outpatient clinics, USA
  PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  CHQ‐PF28\                                                    Vitale[62](#dmcn12982-bib-0062){ref-type="ref"}           To determine the efficacy and sensitivity of the CHQ in children with CP                                                                                                  Children with CP                                                                                                                                           180                                    5--18          10.7                                                  Completed before treatment for CP at one hospital, USA
  PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  CHQ‐PF50\                                                    Thomas‐Stonell[63](#dmcn12982-bib-0063){ref-type="ref"}   To test responsiveness of the CHQ‐PF50 with TBI                                                                                                                           Paediatric patients with TBI                                                                                                                               33                                     4--18          12.5 (4.5)                                            Inpatient clinic, Canada
  PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  CHQ‐PF50\                                                    Drotar[64](#dmcn12982-bib-0064){ref-type="ref"}           To test facture structure of the CHQ‐PF‐50 in a sample of children and adolescents with chronic conditions and physically healthy children seen in a paediatric setting   \(1\) Children with chronic conditions, including epilepsy\                                                                                                661\                                   5--18          \(1\) 12.3 (3.5)\                                     \(1\) Outpatient clinics, USA\
  PR                                                                                                                                                                                                                                                                                               (2) General paediatric population                                                                                                                          (1) 329 (total)\                                      (2) 11.4 (3.5)                                        (2) Comparison group from sleep study, USA
                                                                                                                                                                                                                                                                                                                                                                                                                                                              Epilepsy: 25\                                                                                               
                                                                                                                                                                                                                                                                                                                                                                                                                                                              (2) 332                                                                                                     

  CHQ‐PF50\                                                    McCullough[31](#dmcn12982-bib-0031){ref-type="ref"}       To test reliability and validity of CHQ with children with CP                                                                                                             Children with CP                                                                                                                                           818                                    8--12          Not stated                                            Home visits, Europe
  PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  CHQ‐PF28 KIDSCREEN‐10\                                       Davis[25](#dmcn12982-bib-0025){ref-type="ref"}            To compare reliability and validity of the CHQ‐PF28 and Kidscreen‐10                                                                                                      Children with CP                                                                                                                                           204 (PR)\                              4--12          8.25 (2.51)                                           Outpatient clinics, Australia
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                   54 (SR)                                                                                                     

  CHQ‐PF50\                                                    Ferro[65](#dmcn12982-bib-0065){ref-type="ref"}            To investigate higher‐order factor structure of the CHQ‐PF50 in children with new onset epilepsy                                                                          Children newly diagnosed with epilepsy                                                                                                                     374                                    4--12          7.4 (2.3)                                             Paediatric neurologists' patients, Canada
  PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  CHSCS‐PS\                                                    Saigal[66](#dmcn12982-bib-0066){ref-type="ref"}           To develop a multi‐dimensional health status classification system for pre‐school children                                                                                (1a) VLBW children and\                                                                                                                                    (1a) 101\                              1--6           (1a) 3.05 (0.09) (1b) 3.04 (0.08)\                    Outpatient clinics, Canada and Australia
  PR                                                                                                                                                                                                                                                                                               (1b) general population sample\                                                                                                                            (1b) 50\                                              (2) 3.88 (0.62)\                                      
                                                                                                                                                                                                                                                                                                   (2) VLBW children\                                                                                                                                         (2) 150\                                              (3) 3.79 (1.01)                                       
                                                                                                                                                                                                                                                                                                   (3) Children with CP                                                                                                                                       (3) 222\                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                              SRFNDP                                                                                                      

  CQoL\                                                        Graham[67](#dmcn12982-bib-0067){ref-type="ref"}           To develop a QoL measure for 9‐ to 15‐y‐old children, and test it in a healthy and three clinical samples                                                                 \(1\) Children with chronic physical disorders, including neurological disorders; children with mental retardation; children with psychiatric disorders\   102\                                   \(1\) 9--15\   \(1\) 12.51--12.97 (1.44--1.79) depending on group\   \(1\) Outpatient departments and support groups, UK\
  SR and PR                                                                                                                                                                                                                                                                                        (2) General paediatric population                                                                                                                          (1) 77\                                (2) 13--14     (2) 14.03 (0.25)                                      (2) One local school, UK
                                                                                                                                                                                                                                                                                                                                                                                                                                                              (2) 25                                                                                                      

  DCGM‐37\                                                     Petersen[68](#dmcn12982-bib-0068){ref-type="ref"}         To develop and test a chronic--generic HRQoL measure                                                                                                                      CYP with different chronic health conditions                                                                                                               360\                                   6--19          12.48 (2.55)                                          Outpatient clinics, UK, and six other European countries
  SR                                                                                                                                                                                                                                                                                                                                                                                                                                                          CP: 21\                                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                              Epilepsy: 37                                                                                                

  DCGM‐37\                                                     Schmidt[69](#dmcn12982-bib-0069){ref-type="ref"}          To test cross‐cultural validity of the DISABKIDS in children with different chronic conditions                                                                            Seven CYP groups with different chronic conditions, including CP and epilepsy                                                                              122\                                   8--16          12.12 (2.57)                                          Seven hospitals, UK, and six other European countries
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                   CP: 27\                                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                              Epilepsy: 45                                                                                                

  DCGM‐37\                                                     Simeoni[70](#dmcn12982-bib-0070){ref-type="ref"}          To shorten and test the shortened version of the DISABKIDS in children with chronic diseases                                                                              CYP with chronic health conditions, including CP and epilepsy                                                                                              122\                                   8--16          12.2 (2.8)                                            Various clinical settings, UK, and six other European countries
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                   CP: 27\                                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                              Epilepsy: 45                                                                                                

  DISABKIDS Smileys‐6\                                         Chaplin[32](#dmcn12982-bib-0032){ref-type="ref"}          To test the reliability and validity of the DISABKIDS Smiley in children with a chronic disease                                                                           CYP with different chronic medical conditions, including CP and epilepsy                                                                                   435\                                   4--7           6.04 (1.57)                                           Hospital clinics, UK, and six other European countries
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                   CP: 56\                                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                              Epilepsy: 40                                                                                                

  EQ‐5D‐Y\                                                     Matza[71](#dmcn12982-bib-0071){ref-type="ref"}            To test EQ‐5D with children with ADHD, correlations with CHQ‐PF50 and CHIP‐CE                                                                                             Children with ADHD receiving treatment                                                                                                                     126 (total)\                           7--18          10.2 (USA)\                                           Outpatient clinics, USA and UK
  PR                                                                                                                                                                                                                                                                                                                                                                                                                                                          83 (UK)                                               12.6 (UK)\                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    SD not stated                                         

  HUI2\                                                        Glaser[72](#dmcn12982-bib-0072){ref-type="ref"}           To assess interrater reliability of the HUI                                                                                                                               Children who were CNS tumour survivors                                                                                                                     30                                     6--16          10.5\                                                 Outpatient clinics, UK
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         SD not stated                                         

  HUI3\                                                        Tilford[73](#dmcn12982-bib-0073){ref-type="ref"}          To evaluate the construct validity of the HUI‐3 with children with ASD                                                                                                    Children diagnosed with ASD by a multidisciplinary team (DSM‐IV criteria)                                                                                  150                                    4--17          8.6 (3.3)                                             Outpatient clinics, USA
  PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  KIDSCREEN‐52\                                                Erhart[33](#dmcn12982-bib-0033){ref-type="ref"}           To test reliability and validity of KIDSCREEN‐52 in children with CP                                                                                                      Children with CP                                                                                                                                           828 (total)\                           8--12          10.5 (1.5)                                            Home visits, Europe
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                   UK: 144\                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                              SRFESP                                                                                                      

  Neuro‐QOL\                                                   Perez[40](#dmcn12982-bib-0040){ref-type="ref"}            To identify content area for a health‐related quality of life instrument in neurology                                                                                     Children with epilepsy and their caregivers                                                                                                                Two focus groups (no numbers stated)   14--20         15.83 (2.23)                                          Various settings: hospitals, clinics, and patient advocacy associations, USA
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Neuro‐QOL\                                                   Cella[39](#dmcn12982-bib-0039){ref-type="ref"}            To develop and calibrate the Neuro QOL scales                                                                                                                             Children with epilepsy and DMD                                                                                                                             59\                                    Not stated     14.4 (1.9)                                            Online patient panel and 11 medical centres, USA
  SR                                                                                                                                                                                                                                                                                                                                                                                                                                                          Epilepsy: 50;\                                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                              MD: 9                                                                                                       

  Neuro‐QOL\                                                   Lai[38](#dmcn12982-bib-0038){ref-type="ref"}              To test reliability and dimensionality of the instrument using computerized adaptive testing                                                                              Children with epilepsy and muscular dystrophy                                                                                                              117\                                   10--21         14.5 (2.8)                                            Online panel, a medical centre, and clinic, USA
  SR                                                                                                                                                                                                                                                                                                                                                                                                                                                          Epilepsy: 111\                                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                              MD: 60                                                                                                      

  PedsQL 4.0\                                                  Eiser[74](#dmcn12982-bib-0074){ref-type="ref"}            To test inter‐rater reliability (mother or child) and validity                                                                                                            \(1\) CYP who had survived a CNS tumour\                                                                                                                   \(1\) 23\                              \>8            1\) 13.74 (3.06)\                                     \(1\) and (2) Recruited at clinic appointment, completed at home, UK
  SR and PR                                                                                                                                                                                                                                                                                        (2) CYP with leukaemia                                                                                                                                     (2) 45\                                               2) 13.51 (3.15)                                       
                                                                                                                                                                                                                                                                                                                                                                                                                                                              SRFNDP                                                                                                      

  PedsQL 4.0\                                                  McCarthy[75](#dmcn12982-bib-0075){ref-type="ref"}         To test reliability and validity of the PedsQL with TBI                                                                                                                   Children and adolescents with TBI or an extremity fracture                                                                                                 391                                    5--15          10.6 (3.2)                                            Telephone interviews, USA
  PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  PedsQL 4.0\                                                  Varni[22](#dmcn12982-bib-0022){ref-type="ref"}            To test reliability and validity of the PedsQL with children with ADHD                                                                                                    Children with ADHD                                                                                                                                         72 (SR)\                               5--16          10.95 (3.13)                                          Postal survey, USA
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                   69 (PR)                                                                                                     

  PedsQL 4.0\                                                  Varni[76](#dmcn12982-bib-0076){ref-type="ref"}            To test reliability and validity of the PedsQL with children with CP                                                                                                      Children with CP                                                                                                                                           77 (SR)\                               2--18          8.1 (4.25) (SR)\                                      Outpatient clinics, USA
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                   224 (PR)                                              7.8 (4.0) (PR)                                        

  PedsQL 4.0\                                                  Varni[21](#dmcn12982-bib-0021){ref-type="ref"}            To test how young children can self‐report HRQoL using PedsQL                                                                                                             \(1\) Children with chronic health conditions, including ADHD and CP\                                                                                      8591 (SR)\                             5--16          Not stated                                            Outpatient clinics and telephone interviews, USA
  SR and PR                                                                                                                                                                                                                                                                                        (2) Healthy children                                                                                                                                       8406 (PR)\                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                              (1) 2603 (2556 PR)\                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                              (2) 5988 (5399 PR)                                                                                          

  PedsQL 4.0\                                                  Varni[27](#dmcn12982-bib-0027){ref-type="ref"}            To test the reliability and validity of the PedsQL parent‐proxy report                                                                                                    \(1\) Children with chronic health conditions, including ADHD and CP\                                                                                      \(1\) 3652 (Total)\                    2--16          Not stated                                            Outpatient clinics and telephone interviews, USA
  SR and PR                                                                                                                                                                                                                                                                                        (2) Healthy children                                                                                                                                       CP: 250\                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                              ADHD: 108\                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                              (2) 9467                                                                                                    

  PedsQL 4.0\                                                  Palmer[77](#dmcn12982-bib-0077){ref-type="ref"}           To examine the internal consistency and construct validity of the PedsQL brain tumour module and generic core scales                                                      Children with brain tumours                                                                                                                                99 (Total)\                            2--18          9.76 (4.52)                                           Outpatient clinics from one hospital, USA
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                   51 (SR)\                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                              99 (PR)                                                                                                     

  PedsQL 4.0\                                                  Majnemer[78](#dmcn12982-bib-0078){ref-type="ref"}         To test inter‐rater reliability of PedsQL                                                                                                                                 Children with CP                                                                                                                                           48                                     6--12          9.9 (1.9)                                             Outpatient clinics, Canada
  SR andPR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

  PedsQL 4.0\                                                  Oeffinger[28](#dmcn12982-bib-0028){ref-type="ref"}        To test longitudinal validity of PedsQL                                                                                                                                   Children with CP                                                                                                                                           381                                    4--18          11 (4.4)                                              Outpatient clinics, USA
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  PedsQL 4.0\                                                  Varni[79](#dmcn12982-bib-0079){ref-type="ref"}            To test factorial invariance for the self‐reported PedsQL across different modes of administration                                                                        \(1\) CYP with chronic health conditions, including CP\                                                                                                    \(1\) 676 (Total)\                     5--18          In person: 12.32 (3.59)\                              \(1\) Outpatient clinics and telephone administration, USA\
  SR                                                                                                                                                                                                                                                                                               (2) General child and adolescent population                                                                                                                CP: 70\                                               Mail: 10.24 (3.19)\                                   (2) Postal survey and telephone administration, USA
                                                                                                                                                                                                                                                                                                                                                                                                                                                              (2) 1629                                              Phone: 11.43 (3.28)                                   

  PedsQL 4.0\                                                  Young[80](#dmcn12982-bib-0080){ref-type="ref"}            To test the reliability and validity of the web‐based administration of the PedsQL                                                                                        Children with complex physical health conditions, including CP                                                                                             69 (Total)\                            8--13          11.0 (1.55)                                           Clinics in six hospitals/home completion, Canada
  SR                                                                                                                                                                                                                                                                                                                                                                                                                                                          CP: 19                                                                                                      

  PedsQL 4.0\                                                  Limbers[81](#dmcn12982-bib-0081){ref-type="ref"}          To examine the feasibility, reliability, and validity of the PedsQL parent‐proxy in school‐aged children with Asperger syndrome                                           Children with Asperger syndrome                                                                                                                            22                                     6--12          9.25 (2.15)                                           Waiting rooms for group social skills class, USA
  PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  PedsQL 4.0\                                                  Iannaccone[26](#dmcn12982-bib-0026){ref-type="ref"}       To test reliability and validity of the PedsQL with SMA                                                                                                                   Children with SMA                                                                                                                                          176                                    2--18          8.53 (4.75)                                           Outpatient clinics, USA
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  PedsQL 4.0\                                                  Davis[23](#dmcn12982-bib-0023){ref-type="ref"}            To test reliability and validity of the PedsQL with children with DMD                                                                                                     Children with DMD                                                                                                                                          44                                     8--18          12.85 (3.05)                                          Outpatient clinics, USA
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  PedsQL 4.0\                                                  Dunaway[82](#dmcn12982-bib-0082){ref-type="ref"}          To test reliability of telephone administration                                                                                                                           Children with SMA                                                                                                                                          20                                     2--18          8.4\                                                  Outpatient clinics, USA
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         SD not stated                                         

  PedsQL 4.0\                                                  Limbers[24](#dmcn12982-bib-0024){ref-type="ref"}          To test reliability and validity of the PedsQL with children with ADHD                                                                                                    Children with ADHD                                                                                                                                         183                                    5--18          11.08 (3.7)                                           Outpatient clinics, USA
  PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  PedsQL 4.0\                                                  Shipman[83](#dmcn12982-bib-0083){ref-type="ref"}          To test reliability and validity of the PedsQL with children with ASD                                                                                                     Children with ASD                                                                                                                                          39                                     12--18         14.8\                                                 Outpatient clinics, USA
  SR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                SD not stated                                         

  PedsQL 4.0\                                                  Green[84](#dmcn12982-bib-0084){ref-type="ref"}            To investigate parent‐adolescent agreement in long‐term QOL outcomes                                                                                                      Adolescents who sustained TBI between birth and 5y old                                                                                                     16                                     15--18         16.5 (1)                                              Phone interview, recruited at neurosurgical ward of a children\'s hospital, Australia
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  PedsQL 4.0\                                                  Sheldrick[85](#dmcn12982-bib-0085){ref-type="ref"}        To compare adolescent self‐reports with parent reports regarding the QOL of adolescents with ASD                                                                          Adolescents diagnosed with ASD at a developmental--behavioural clinic                                                                                      39                                     12--18         14.8                                                  Recruited at, and procedures completed at clinic, USA
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  PedsQL 4.0\                                                  Tavernor[86](#dmcn12982-bib-0086){ref-type="ref"}         To evaluate the content validity of the PedsQL for use with children with ASD                                                                                             Children diagnosed with ASD                                                                                                                                10 (P)\                                9--12          Not stated                                            Recruited via the Database of Children Living with ASDs, UK
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                   4 (YP)                                                                                                      

  SLSS and BMSLSS\                                             McDougall[34](#dmcn12982-bib-0034){ref-type="ref"}        To assess to psychometric properties of the BMSLSS and SLSS in youth with chronic conditions                                                                              Adolescents with chronic conditions (including CP, acquired brain injury, and ASD)                                                                         439 (Total)\                           11--17         Not stated                                            In a treatment office or adolescent\'s home, Canada
  SR and PR                                                                                                                                                                                                                                                                                                                                                                                                                                                   CP: 150 (35%)\                                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                              Acquired brain injury: 59 (14%)\                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                              ASD: 35 (7%)                                                                                                

  YQoL‐R\                                                      Patrick[87](#dmcn12982-bib-0087){ref-type="ref"}          To develop a quality of life measure for adolescents                                                                                                                      Adolescents including samples of general population, ADHD, and mobility disability                                                                         236 (Total)\                           12--18         Not stated                                            Outpatient clinics, USA
  SR                                                                                                                                                                                                                                                                                                                                                                                                                                                          68 (ADHD)\                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                              52 (mobility disability)                                                                                    
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Definitions of the instruments are presented in Tables [1](#dmcn12982-tbl-0001){ref-type="table-wrap"} and SI (online supporting information). PR, parent report; ADHD, attention‐deficit--hyperactivity disorder; SR, self‐report; SRFNDP, separate results reported for reported population with neurodisability; CP, cerebral palsy; DMD, Duchenne muscular dystrophy; CYP, Children and young people; SRFESP, Separate results reported for English speaking population; MD, muscular dystrophy; TBI, traumatic brain injury; VLBW, very low birthweight; QoL, quality of life; HRQoL, health‐related quality of life; SMA, spinal muscular atrophy; CNS, central nervous system; ASD, autism spectrum disorder; DSM‐IV, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition.[88](#dmcn12982-bib-0088){ref-type="ref"}

John Wiley & Sons, Ltd

The methodological quality of the included studies was variable (Table [5](#dmcn12982-tbl-0005){ref-type="table-wrap"}). Internal consistency, test--retest reliability, and construct validity (hypothesis testing) have been more frequently studied in neurodisability samples; several studies have examined structural validity; very few studies have evaluated responsiveness and measurement error. A summary appraisal of the evidence for measurement properties of each PROM is given in Table [6](#dmcn12982-tbl-0006){ref-type="table-wrap"}.

###### 

Methodological quality of studies evaluating measurement properties of candidate patient‐reported outcome measures in a population with neurodisability

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Instrument version[a](#dmcn12982-note-0002){ref-type="fn"}   Author                                                    Internal consistency   Reliability   Measurement error   Content validity   Structural validity   Hypothesis testing   Criterion validity   Responsiveness
  ------------------------------------------------------------ --------------------------------------------------------- ---------------------- ------------- ------------------- ------------------ --------------------- -------------------- -------------------- ----------------
  CHIP‐CE                                                      Riley[35](#dmcn12982-bib-0035){ref-type="ref"}            Good                                                                        Fair                  Good                                      

  CHIP‐CE                                                      Schacht[36](#dmcn12982-bib-0036){ref-type="ref"}          Fair                                                                        Fair                  Fair                                      

  CHQ‐CF87                                                     Landgraf[59](#dmcn12982-bib-0059){ref-type="ref"}         Good                                                                                              Good                                      

  CHQ‐PF28                                                     Pencharz[60](#dmcn12982-bib-0060){ref-type="ref"}                                                                                                           Fair                                      

  CHQ‐PF50                                                     Vitale[61](#dmcn12982-bib-0061){ref-type="ref"}                                                                                                             Fair                                      

  CHQ‐PF50                                                     Wake[30](#dmcn12982-bib-0030){ref-type="ref"}             Fair                                                                                              Good                                      

  CHQ‐PF28                                                     Vitale[62](#dmcn12982-bib-0062){ref-type="ref"}                                                                                                             Fair                                      

  CHQ‐PF50                                                     Rentz[29](#dmcn12982-bib-0029){ref-type="ref"}            Good                                 Fair                                                         Good                                      Good

  CHQ‐PF50                                                     Drotar[64](#dmcn12982-bib-0064){ref-type="ref"}                                                                                       Poor                                                            

  CHQ‐PF50                                                     Thomas‐Stonell[63](#dmcn12982-bib-0063){ref-type="ref"}                                                                                                                                               Fair

  CHQ‐PF50                                                     McCullough[31](#dmcn12982-bib-0031){ref-type="ref"}       Excellent                                                                   Excellent                                                       

  CHQ‐PF28\                                                    Davis[25](#dmcn12982-bib-0025){ref-type="ref"}            Fair                                                                                              Fair                                      
  KIDSCREEN‐10                                                                                                                                                                                                                                                       

  CHQ‐PF50                                                     Ferro[65](#dmcn12982-bib-0065){ref-type="ref"}                                                                                        Excellent                                                       

  CHSCS‐PS                                                     Saigal[66](#dmcn12982-bib-0066){ref-type="ref"}                                                                                                             Good                                      

  CQoL                                                         Graham[67](#dmcn12982-bib-0067){ref-type="ref"}           Poor                   Poor                              Fair                                                                               

  DCGM‐37                                                      Petersen[68](#dmcn12982-bib-0068){ref-type="ref"}         Good                                                     Excellent          Good                                                            

  DCGM‐37                                                      Schmidt[69](#dmcn12982-bib-0069){ref-type="ref"}          Good                   Good                                                 Good                  Good                                      

  DCGM‐37                                                      Simeoni[70](#dmcn12982-bib-0070){ref-type="ref"}          Good                   Good                                                 Good                  Good                                      

  DISABKIDS Smileys‐6                                          Chaplin[32](#dmcn12982-bib-0032){ref-type="ref"}          Poor                   Fair                              Excellent                                Fair                                      

  EQ‐5D‐Y                                                      Matza[71](#dmcn12982-bib-0071){ref-type="ref"}                                                                                                              Fair                                      

  HUI2                                                         Glaser[72](#dmcn12982-bib-0072){ref-type="ref"}                                  Poor                                                                                                                 

  HUI3                                                         Tilford[73](#dmcn12982-bib-0073){ref-type="ref"}                                                                                                            Good                                      

  KIDSCREEN‐52                                                 Erhart[33](#dmcn12982-bib-0033){ref-type="ref"}                                                                                       Good                  Good                                      

  Neuro QOL                                                    Perez[40](#dmcn12982-bib-0040){ref-type="ref"}                                                                     Poor                                                                               

  Neuro QOL                                                    Cella[39](#dmcn12982-bib-0039){ref-type="ref"}\           Poor                                                     Good               Poor                                                            
                                                               Lai[38](#dmcn12982-bib-0038){ref-type="ref"}                                                                                                                                                          

  PedsQL 4.0                                                   Eiser[74](#dmcn12982-bib-0074){ref-type="ref"}            Poor                   Poor                                                                                                                 

  PedsQL 4.0                                                   McCarthy[75](#dmcn12982-bib-0075){ref-type="ref"}         Good                   Good                                                 Poor                  Good                                      

  PedsQL 4.0                                                   Varni[22](#dmcn12982-bib-0022){ref-type="ref"}            Fair                   Fair                                                                                                                 

  PedsQL 4.0                                                   Varni[76](#dmcn12982-bib-0076){ref-type="ref"}            Fair                   Good                                                                       Fair                                      

  PedsQL 4.0                                                   Varni[21](#dmcn12982-bib-0021){ref-type="ref"}            Fair                   Fair                                                                       Fair                                      

  PedsQL 4.0                                                   Varni[27](#dmcn12982-bib-0027){ref-type="ref"}            Fair                                                                                              Fair                                      

  PedsQL 4.0                                                   Palmer[77](#dmcn12982-bib-0077){ref-type="ref"}           Poor                                                                                                                                        

  PedsQL 4.0                                                   Majnemer[78](#dmcn12982-bib-0078){ref-type="ref"}                                Fair                                                                                                                 

  PedsQL 4.0                                                   Oeffinger[28](#dmcn12982-bib-0028){ref-type="ref"}                                             Poor                                                                                                   Poor

  PedsQL 4.0                                                   Varni[79](#dmcn12982-bib-0079){ref-type="ref"}                                                                                        Poor                                                            

  PedsQL 4.0                                                   Young[80](#dmcn12982-bib-0080){ref-type="ref"}                                   Poor                                                                                                                 

  PedsQL 4.0                                                   Limbers[81](#dmcn12982-bib-0081){ref-type="ref"}          Poor                                                                                              Poor                                      

  PedsQL 4.0                                                   Iannaccone[26](#dmcn12982-bib-0026){ref-type="ref"}       Fair                   Good                                                                       Good                                      

  PedsQL 4.0                                                   Davis[25](#dmcn12982-bib-0025){ref-type="ref"}            Poor                   Fair                                                                       Fair                                      

  PedsQL 4.0                                                   Dunaway[82](#dmcn12982-bib-0082){ref-type="ref"}                                 Poor                                                                                                                 

  PedsQL 4.0                                                   Limbers[24](#dmcn12982-bib-0024){ref-type="ref"}          Fair                   Fair                                                                       Fair                                      

  PedsQL 4.0                                                   Shipman[83](#dmcn12982-bib-0083){ref-type="ref"}          Poor                   Fair                                                                       Fair                                      

  PedsQL 4.0                                                   Green[84](#dmcn12982-bib-0084){ref-type="ref"}                                   Poor                                                                                                                 

  PedsQL 4.0                                                   Sheldrick[85](#dmcn12982-bib-0085){ref-type="ref"}                               Fair                                                                                                                 

  PedsQL 4.0                                                   Tavernor[86](#dmcn12982-bib-0086){ref-type="ref"}                                                                  Fair                                                                               

  SLSS and BMSLSS                                              McDougall[34](#dmcn12982-bib-0034){ref-type="ref"}        Excellent              Excellent                                            Excellent                                                       

  YQoL                                                         Patrick[87](#dmcn12982-bib-0087){ref-type="ref"}          Fair                                                                        Poor                  Fair                                      
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Definitions of the instruments are presented in Tables [1](#dmcn12982-tbl-0001){ref-type="table-wrap"} and SI (online supporting information).

John Wiley & Sons, Ltd

###### 

Summary appraisal of measurement properties in a population with neurodisability

  Instrument version[a](#dmcn12982-note-0003){ref-type="fn"}   Content validity   Structural validity   Construct validity   Internal consistency   Test--retest reliability   Proxy reliability   Precision   Responsiveness
  ------------------------------------------------------------ ------------------ --------------------- -------------------- ---------------------- -------------------------- ------------------- ----------- ----------------
  BMSLSS                                                       0                  \+                    \+                   \+                     \+                         0                   0           0
  CHIP CE                                                      0                  \+                    \+                   \+                     0                          0                   \+          0
  CHQ‐CF87                                                     0                  \+                    0                    \+                     0                          0                   0           0
  CHQ‐PF28                                                     0                  \+                    0                    −                      0                          0                   −           0
  CHQ‐PF50                                                     0                  \+                    +/−                  +/−                    0                          0                   −           +/−
  CHSCS‐PS                                                     0                  0                     \+                   0                      0                          0                   0           0
  CQoL                                                         ++                 0                     0                    ?                      ?                          0                   0           0
  DCGM‐37                                                      +++                \+                    ++                   ++                     \+                         −                   \+          0
  DISABKIDS Smileys‐6                                          ++                 \+                    0                    +/−                    \+                         0                   0           0
  EQ‐5D‐Y                                                      0                  0                     +/−                  0                      0                          0                   0           0
  HUI2                                                         0                  0                     0                    0                      0                          ?                   0           0
  HUI3                                                         0                  0                     \+                   0                      0                          0                   0           0
  KIDSCREEN‐52                                                 0                  \+                    ++                   0                      0                          0                   \+          0
  KIDSCREEN‐10                                                 0                  0                     0                    \+                     \+                         0                   0           0
  Neuro‐QOL                                                    \+                 ?                     0                    ?                      0                          0                   0           0
  PedsQL 4.0                                                   0                  \+                    ?                    +/−                    ++                         −                   +/−         ?
  SLSS                                                         0                  \+                    \+                   \+                     \+                         0                   0           0
  YQoL                                                         0                  \+                    \+                   \+                     0                          0                   0           0

Definitions of the instruments are presented in Tables [1](#dmcn12982-tbl-0001){ref-type="table-wrap"} and SI (online supporting information).

John Wiley & Sons, Ltd

The PedsQL has been evaluated with children with a wide range of neurodisability including CP, ADHD, ASD, acquired brain injury, neuromuscular, and neuro‐oncology conditions. Although there is supportive evidence for the structural validity and test--retest reliability of the PedsQL, there is conflicting evidence for the internal consistency of the subscales, particularly the school functioning domain, which scored consistently low (0.45--0.65).[21](#dmcn12982-bib-0021){ref-type="ref"}, [22](#dmcn12982-bib-0022){ref-type="ref"}, [23](#dmcn12982-bib-0023){ref-type="ref"}, [24](#dmcn12982-bib-0024){ref-type="ref"} Other papers reported values of Cronbach\'s alpha below 0.7 for emotional functioning,[23](#dmcn12982-bib-0023){ref-type="ref"} social functioning,[25](#dmcn12982-bib-0025){ref-type="ref"}, [26](#dmcn12982-bib-0026){ref-type="ref"} and physical functioning.[22](#dmcn12982-bib-0022){ref-type="ref"} We found conflicting evidence for precision; overall floor and ceiling effects were less than 15% for most scales, except social functioning (up to 36%).[21](#dmcn12982-bib-0021){ref-type="ref"}, [27](#dmcn12982-bib-0027){ref-type="ref"} The responsiveness of the PedsQL was assessed in one poor‐quality study, thus a rating was not determined.[28](#dmcn12982-bib-0028){ref-type="ref"} Several studies reported child‐proxy reliability, all reporting low to moderate agreement (intraclass correlation coefficient 0.10--0.75, with most between 0.20 and 0.60).

Versions of the CHQ have been evaluated with children with CP, ADHD, acquired brain injury, and epilepsy. There is supportive evidence for the structural validity of child and parent report versions of the CHQ and internal consistency of the child report version. Both parent versions show poor results for ceiling and floor effects on several scales; ceiling effects are found for most of the individual scales, with scores up to 86% for role and social functioning.[29](#dmcn12982-bib-0029){ref-type="ref"} One study reports low values of Cronbach\'s alpha for the domains family cohesion, bodily pain role/social functioning, and role/social limitations of the 28‐item version;[25](#dmcn12982-bib-0025){ref-type="ref"} three studies report conflicting findings for the 50‐item version, with one paper reporting supportive evidence for all domains[30](#dmcn12982-bib-0030){ref-type="ref"} and two studies reporting low alpha scores for general health perceptions and family impact (emotional and time).[29](#dmcn12982-bib-0029){ref-type="ref"}, [31](#dmcn12982-bib-0031){ref-type="ref"} We also found conflicting evidence for the CHQ‐PF50 for construct validity and responsiveness.

The DISABKIDS was developed for and with children who have chronic health conditions including CP and epilepsy. Supportive evidence from methodologically robust studies exists for content validity, construct validity, and internal consistency of the 37‐item version, and there is favourable evidence for structural validity, test--retest reliability, and precision. Evidence did not support child‐proxy reliability. For the 6‐item version for younger children, evidence supports the content validity, structural validity, test--retest reliability, but is conflicting for internal consistency, with values of Cronbach\'s alpha dropping just below 0.70 for the child version.[32](#dmcn12982-bib-0032){ref-type="ref"}

Kidscreen‐52 has been evaluated in one study using Rasch analysis with data from children with CP in countries across Europe; the findings for the English language version were reported separately.[33](#dmcn12982-bib-0033){ref-type="ref"} Evidence supports structural validity, construct validity, and precision of Kidscreen‐52. Supporting evidence was found for internal consistency and test--retest reliability for the 10‐item version in one study of poorer quality, including children with CP.[25](#dmcn12982-bib-0025){ref-type="ref"}

One methodologically robust study evaluated the SLSS and BMSLSS with adolescents with conditions including CP, acquired brain injury, and ASD, providing evidence for construct validity, structural validity, internal consistency, and test--retest reliability.[34](#dmcn12982-bib-0034){ref-type="ref"}

Two papers evaluating the CHIP‐CE parent report version with children with ADHD support structural validity, construct validity, internal consistency and precision.[35](#dmcn12982-bib-0035){ref-type="ref"}, [36](#dmcn12982-bib-0036){ref-type="ref"}

Each of the four preference‐based measures has been evaluated in one study. Evidence from hypothesis testing supports the construct validity of the CHSCS‐PS and HUI3, but was inconsistent for the EQ‐5D‐Y. The child‐proxy reliability of the HUI2 was not rated as the study was of poor quality.

The CQoL was developed with children with intellectual disability, chronic physical disorders, and psychiatric disorders, and parents. The study reporting the development and preliminary testing provides supportive evidence for content validity; internal validity and test--retest reliability could not be determined as these elements of the study were of poor quality.

The YQOL was developed for and with children with disabilities. However, the study reporting on the content validity of the instrument does not state which conditions were included.[37](#dmcn12982-bib-0037){ref-type="ref"} A companion paper reports supportive evidence on structural and construct validity, and internal consistency in a study of moderate quality, including children with ADHD or mobility disability.

We identified three papers reporting on the development and initial testing of the Neuro‐QOL; two papers report the same data.[38](#dmcn12982-bib-0038){ref-type="ref"}, [39](#dmcn12982-bib-0039){ref-type="ref"} Epilepsy and muscular dystrophy were selected as conditions for test development of the paediatric Neuro‐QOL item pool. The content validity, reported in three papers, was rated as good. Domains were identified through a literature review, expert interviews, parent and carer focus groups, and keyword search.[39](#dmcn12982-bib-0039){ref-type="ref"}, [40](#dmcn12982-bib-0040){ref-type="ref"} Cognitive interviews were conducted with children aged 10 to 18 years to ensure appropriate understanding and literacy levels.[38](#dmcn12982-bib-0038){ref-type="ref"} Other measurement properties were not rated owing to the poor quality of the studies.

Discussion {#dmcn12982-sec-0015}
==========

This review identified 12 multidimensional PROMs, with 18 versions of questionnaires, that have been evaluated with children with various neurodisability conditions, including CP, ADHD, ASD, epilepsy, acquired brain injury, neuromuscular and neuro‐oncology conditions. The PedsQL and CHQ have been evaluated more than other instruments, though some of the evidence undermines confidence in their ability to produce robust measurement. On the basis of this appraisal, the DISABKIDS appears to have more evidence to support its measurement properties in samples of children with neurodisability. None of the PROMs has been evaluated comprehensively across all relevant measurement properties, with responsiveness and measurement error being the least studied.

The paucity of evidence available for the properties of responsiveness and measurement error should be a concern for anyone wishing to use the instruments to measure change, or for those seeking to interpret the findings of studies in which these PROMs have been used to assess change. This gap needs to be evaluated in paediatric populations with neurodisability to inform decisions about what constitutes meaningful change scores. Changes in scores may be statistically significant, especially in large samples, but may not be clinically important. Indices such as the minimal clinically important difference is the mean change in score reported by the respondents who indicate that they had noticed some small change.[41](#dmcn12982-bib-0041){ref-type="ref"} The minimal clinically important difference has been evaluated for the PedsQL in a sample of children with diabetes;[42](#dmcn12982-bib-0042){ref-type="ref"} nevertheless one cannot necessarily assume this difference will be the same for children with neurodisability conditions. Other ways to address the lack of evidence for responsiveness include the minimum detectable change, which is an indication of the amount of change required to have confidence that any observed change is beyond measurement error; a common standard is to use a 90% confidence level.[43](#dmcn12982-bib-0043){ref-type="ref"} The effect size is calculated by dividing the amount of change by the standard deviation of the baseline score.[44](#dmcn12982-bib-0044){ref-type="ref"} Revicki et al.[45](#dmcn12982-bib-0045){ref-type="ref"} suggest calculating different indices of minimal change, and for these to triangulate towards a range of values, in which confidence increases with replication.

There appears a dearth of evaluations of the measurement properties of preference‐based measures in children with neurodisability, adding to the lack of evidence for these instruments in general populations.[15](#dmcn12982-bib-0015){ref-type="ref"} Internal consistency may conflict with the underlying theory of health economic instruments,[46](#dmcn12982-bib-0046){ref-type="ref"} but the properties of face, content and construct validity, and test--retest reliability remain requisite. Lack of evidence for these measurement properties undermines confidence in health economic evaluations based on preference‐based measures. We did not examine the methods used to derive the scaling of the preference‐based measures; the methods for creating the preference weighting were assumed to produce interval‐level measurement.[47](#dmcn12982-bib-0047){ref-type="ref"} As the purpose of preference‐based measures is to quantify the value or strength of preference for health change, the means for assuming and eliciting preference values should be critically assessed.[46](#dmcn12982-bib-0046){ref-type="ref"}

The information from this review makes it difficult to recommend a multidimensional PROM for use in paediatric neurodisability based on measurement properties established in relevant conditions. Our review of evaluations of generic multidimensional PROMs in general population samples identified 41 potentially eligible PROMs,[9](#dmcn12982-bib-0009){ref-type="ref"} and identified 126 papers that reported evidence of the measurement properties of 25 PROMs using English‐language versions in general population samples.[15](#dmcn12982-bib-0015){ref-type="ref"} Although robust evidence was lacking for one or more properties for all PROMs, there was evidence to support more measurement properties for the CHIP, Healthy Pathways,[48](#dmcn12982-bib-0048){ref-type="ref"} KIDSCREEN, and MSLSS. The CHU‐9D[49](#dmcn12982-bib-0049){ref-type="ref"} was the preference‐based measure with greater evidence of adequate measurement properties. Except for the Healthy Pathways and CHU‐9D, these PROMs have been tested with children and young people affected by neurodisability; the evidence shows a similar pattern albeit supported by fewer studies. Most noticeably absent for all these PROMs are studies examining content validity. Thus these PROMs might be leading candidates for further testing in groups with neurodisability, particularly the properties of responsiveness and longitudinal validity. Tests of responsiveness and longitudinal validity assess how scale scores change over time and whether the direction and magnitude of the changes reflect what would be expected on the basis of theory determined in advance, ideally incorporating a comparison with a group not expected to change. In the absence of evidence of responsiveness, those selecting PROMs should appraise whether the aspects of health assessed by tools and the response options to questions suggest that these are 'likely' to change in their specific context for application.

Although PROMs are generally designed for use as group measures in service evaluations, audits, and research, there is also growing interest in using them clinically as individualized measures.[50](#dmcn12982-bib-0050){ref-type="ref"}, [51](#dmcn12982-bib-0051){ref-type="ref"} The proposed criterion for test--retest reliability is more stringent for individualized use (intraclass correlation coefficient \>0.9),[17](#dmcn12982-bib-0017){ref-type="ref"} and such high levels of stability would need to be demonstrated in paediatric neurodisability.

Aside from the standard measurement properties, there are several other criteria that apply when selecting a candidate PROM. These include appropriateness, acceptability to potential respondents, and feasibility: for example the burden on respondents and those administering and processing data.[17](#dmcn12982-bib-0017){ref-type="ref"} We studied the appropriateness of existing generic and chronic--generic PROMs for children with neurodisability by asking whether they cover the more important aspects of health for this particular group. We sought to identify a core set of outcomes that could be assessed using PROMs for these children; that is, outcomes beyond mortality and morbidity. To this end we performed qualitative research separately with children and parents,[52](#dmcn12982-bib-0052){ref-type="ref"} a Delphi survey with health professionals,[53](#dmcn12982-bib-0053){ref-type="ref"} and held a prioritization meeting.[54](#dmcn12982-bib-0054){ref-type="ref"} This work produced a core set of outcomes deemed important to children and/or parents that were aspects of health targeted by National Health Service clinicians. The domains were communication, emotional wellbeing, pain, sleep, mobility, self‐care, independence, mental health, community and social life, behaviour, toileting, and safety. However, none of the identified PROMs capture all these key domains. Adding to this the scarce evidence of good overall psychometric performance for existing measures in a population with neurodisability, there could be a place to refine or develop existing PROMs accordingly.

There are some limitations to this systematic review; most are a consequence of the strict inclusion criteria. Neurodisability comprises a vast number of conditions, and although we included other general descriptions and MeSH (Medical Subject Headings) terms for developmental disabilities, we only had three key marker conditions (CP, autism, and epilepsy) and relevant variations on neuro‐motor, neuropsychiatric, and developmental disabilities. Although we updated searches for evaluation studies up to 30 July 2014, we did not repeat the systematic search to identify any new PROMs after September 2012. Hence, we will not have included any new PROMs published after this date; however, we are not aware of any such PROMs that would meet the eligibility criteria.

One of our inclusion criteria was published peer‐reviewed reports of studies that specifically set out to evaluate measurement properties of PROMs. Hence, we excluded papers that might have presented incidental evidence from studies where PROMs were used in observational or experimental studies. However, information from studies that were not designed specifically to test measurement properties can be misleading. Studies testing responsiveness require testing of some a priori hypothesis in a longitudinal study, whereas evaluative trials typically test interventions of unknown effectiveness. Therefore, for instance, observing no change could be interpreted as either a blunt, non‐responsive measure or an ineffective intervention, and it is not possible to determine which is true.[55](#dmcn12982-bib-0055){ref-type="ref"} In addition, we will have omitted any information that may be contained in manuals, if these data have not been published in peer‐reviewed journals. We justify this as peer review provides some level of quality assurance to the evidence being appraised. We included studies with children and young people with chronic conditions, providing the samples included neurodisability. Hence, we did not appraise studies examining PROMs with children with other conditions (e.g. arthritis or asthma).

Limiting the review to studies where an English version of the PROM was administered excluded some PROMs from further analyses. Two PROMs excluded from this review that may warrant further investigation are ITQoL (for infants),[56](#dmcn12982-bib-0056){ref-type="ref"} which was developed in the Netherlands and for which an English translation is available but no published studies of this version were found, and the TNO‐AZL (TACQOL, TAPQOL, and TAAQOL).[57](#dmcn12982-bib-0057){ref-type="ref"} If studies had been included that used versions of questionnaires in languages other than English, then further evidence would have emerged, for instance regarding the KINDL[58](#dmcn12982-bib-0058){ref-type="ref"} and the plethora of translated versions of the more popular instruments such as PedsQL. Nevertheless, psychometric performance cannot be assumed across languages and cultures;[11](#dmcn12982-bib-0011){ref-type="ref"} therefore, in our view, limiting the review to evaluations of English‐language versions is a relative strength of it.

There remains much scope for research in evaluating multidimensional PROMs to measure health outcomes in paediatric neurodisability, particularly in testing item invariance across conditions and the responsiveness of PROM scores to quantify meaningful change that is beyond measurement error.
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